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Products derived from medicinal plants have been used for

therapeutic purposes for centuries. Herbal products are

generally considered safe and have been proven effective

against certain ailments. They are also extensively used,

particularly in many Asian, African and other developing

countries (Patwardhan et al., 2005). There is an urgent need

to establish the identity, purity and quality of herbal

products in order to have full efficacy and safety. Plant

materials are liable to contain pesticide residues that

accumulate due to different agricultural practices, soil

treatment and storage practices, such as administration of

fumigants. Widespread presence of heavy metals in soil,

due to geoclimatic conditions and environmental pollution

is inevitable, therefore their bioaccumulation in plants

occurs. Organochlorine pesticides such as isoforms of

hexachlorocyclohexane (HCH), metabolites of DDT,

a-endosulphan and heavy metals, including non-volatile

and volatile metals, have the potential to cause toxicity to

liver and kidney, and may impair oxygen transport in

blood. Our laboratory has been involved in the estimation

of contaminants in medicinal plants. Levels of heavy me-

tal/trace elements have been reported in some therapeuti-

cally important Indian medicinal plants (Rai et al., 2000;

Haider et al., 2004), and various herbal teas (Naithani and

Kakkar, 2005; 2006a; 2006b). The World Health Organi-

zation has also emphasized the need to ensure quality of

plant products by using modern techniques and applying

suitable standards (WHO, 1998). Thus it becomes man-

datory that all herbal preparations and raw materials be

checked for the presence of heavy metals and residual

organochlorine pesticides. Ginger, the underground rhi-

zome of the plant Zingiber officinale, family Zingibera-

ceae, is the most extensively used Indian plant in

traditional preparations since ancient times. It has a

remarkable reputation in the treatment of many gastroin-

testinal disorders and is often promoted as an effective

herbal antiemetic (Bone et al., 1990). It has been proposed

for therapeutic uses due to its anti-inflammatory, choles-

terol-lowering and anti-thrombotic properties (Ojewole,

2006). The present study deals with the estimation of se-

lected heavy metals (Pb, Cd, Cr, Ni, As, Hg) and residual

organochlorine pesticide concentrations in Zingiber offici-

nale collected from various ecological zones of India with

the objective to compare the variation in environmental

contamination of samples collected from different loca-

tions/regions.

Materials and Methods

Rhizome of Zingiber officinale was collected from nine

different ecological zones of India namely: Lucknow,

Patna (central); Kolkata (east); Pune (west); Ottapalam,

Madurai (south); Jammu, Mussoorie, and Delhi (north).

Experts from the National Botanical Research Institute,

Lucknow ensured the identity of all the plant samples used

in this study. All chemicals used for estimation of heavy

metals were of AR grade (E-Merck). The solvents used for

pesticide analysis such as n-hexane, acetonitrile, benzene
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were of HPLC grade. Deionized water was used throughout

the study. Glassware used for the study was Borosil ‘A’

grade, including volumetric flask, conical flask, measuring

cylinders, test tubes and pipettes. Plant samples were wa-

shed in fresh running water to eliminate dust, dirt and

possible parasites, and then washed again with deionized

water (Zurera et al., 1987). The samples were air dried

prior to digestion and analysis. Analysis was carried out as

per AOAC (1998) guidelines. For non-volatile heavy

metals (Ni, Cd, Pb, Cr), 1 g of each powdered sample was

digested with concentrated HNO3:HClO4 (6:1) in a fume

chamber until white residue was obtained. The residue was

dissolved and made up to 10 ml with 0.1 N HNO3 in a

volumetric flask. The solutions were then analyzed on an

atomic absorption spectrophotometer (Perkin Elmer Model

Analyst 300). For volatile heavy metals (Hg and As), 0.1 g

of each powdered sample was digested in 10 ml concen-

trated H2SO4 overnight. The digested samples were incu-

bated in a 70�C water bath for 1 hr. Samples were then

titrated with aqueous KMnO4 in an ice bath. After the

solution reached room temperature, 1 ml hydroxyl

ammonium chloride (20%) was added to reduce KMnO4.

This solution was filtered, volume made up to 100ml with

milliQ water, and analyzed on an atomic absorption spec-

trophotometer (Varian 250 plus) with vapour generation

assembly (AAS-VGA). Mixed working standard (1 and

10 lg/ml) solutions were freshly prepared by diluting the

stock solutions of 1000 lg/ml (Merck India). Blanks and

spiked samples were also processed and analyzed simul-

taneously. The detection limit of the instrument for each

metal was Cr 0.0061 lg/g , Ni 0.010 lg/g, Pb 0.042 lg/g

and Cd 0.0025 lg/g.

Estimation of organochlorine pesticides was carried out

by taking 2 g plant material and extracting it with 150 ml of

n-hexane using a soxhlet apparatus. The extract was passed

through an anhydrous sodium sulfate filter column, which

was prepared by putting about 10 g of anhydrous sodium

sulfate in a glass wool column to remove traces of water.

Hexane extract was then evaporated at 60�C (temperature

of water bath) under reduced pressure in a rota vapor

(Buchi R-114). The concentrated extract (1–2 ml)

was transferred to a clean-up column with small washing of

n-hexane. The sample was further extracted with acetoni-

trile/n-hexane saturated solvent system for oil removal

followed by clean-up done with the n-hexane + benzene

mixture elution method. Four grams of deactivated adsor-

bent Florisil was packed in a borosil glass column (150 · 5

mm) topped with anhydrous sodium sulphate and tapped

firmly. Concentrated extract (in n-hexane) was transferred

to the top of the column and eluted with 5 ml hexane. Elute

was collected carefully and 5 ml benzene:n-hexane mixture

(20:80) was added to the column and collected. The elute

was again concentrated to 1–5 ml, as required, and ana-

lyzed on GLC (NUCON 5765) according to the standard-

ized method in the laboratory (Naithani and Kakkar,

2006b). The temperature of the injection port (250�C),

oven (190�C) and detector (250�C) was adjusted as rec-

ommended for optimum efficiency and thermal stabiliza-

tion. Carrier (N2) gas flow rate was adjusted to 60 ml/min.

Five ll mixed standard solution (HCH and its isomers, a-

endosulphan, DDT and its metabolite) followed by 5 ll of

the samples were injected into the GLC, and chromato-

grams were recorded. Detection limit of equipment was

1 lg/kg, and recovery obtained under the experimental

conditions was found to be 90–93%.

Results and Discussion

A total of 9 samples of Zingiber officinale collected from

9 different locations of India were subjected to multires-

idue analysis for volatile (As and Hg), non-volatile (Pb,

Cd, Ni, Cr) heavy metals and organochlorine pesticides

including all the isoforms of HCH, i.e., a-HCH, b-HCH,

c-HCH, d-HCH, DDT, its metabolites, and a-endosulphan.

Higher concentrations of metals at a site of collection

may be reflected by its concentration in plant tissues. Our

data revealed that Pb was highest in the Mussoorie

sample, i.e., 8.4 mg/kg, which was 8-fold more than the

Ottapalam samples, which had the lowest Pb level at 0.21

mg/kg (Fig. 1a). In all other samples, Pb levels were

below the permissible limit of 10 mg/kg as prescribed by
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Fig. 1 (a & b) Non volatile metal (Pb, Cd, Cr, Ni) accumulation in

Zingiber officinale collected from different ecological zones of India
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WHO (1998). Cd levels were highest in the Patna sample

(0.09 mg/kg) and lowest in Ottapalam sample (Fig. 1a).

Cd was below the detection limit in the Madurai and

Kolkata samples. Even the highest level of Cd detected,

i.e., in the Patna sample, was two times lower than the

permissible limit. Similarly, the highest observed levels of

Cr and Ni were found in the Ottapalam sample, and were

0.45 mg/kg and 8.57 mg/kg, respectively. The Madurai

sample showed low levels of Cr and Ni (Fig. 1b). As and

Hg (Fig. 2) were found below detection limit in the

Madurai sample.

Table 1 shows the level of HCH in the samples of

Zingiber officinale collected from different ecological

zones of India. The level of a-HCH was highest in the

Mussoorie sample (0.2193 mg/kg) and lowest in the

Madurai sample (0.0241 mg/kg). b-HCH was detected

only in the Ottapalam and Pune samples, i.e., 0.0054 mg/

kg and 0.0040 mg/kg, respectively; whereas it was below

detection limit in the other 7 samples of Zingiber offici-

nale. The highest level of c-HCH was detected in the

Lucknow sample, which had 5 times more c-HCH as

compared to the Madurai sample, but it was below the

minimal risk level (MRL) of 0.5 mg/kg and acceptable

daily intake (ADI) of 0.001 mg/kg-body weight in all

samples. d-HCH was only detected in three samples:

Madurai, Ottapalam and Mussoorie, with levels of 0.0024

mg/kg, 0.0015 mg/kg and 0.0003 mg/kg, respectively.

The lowest concentration of total HCH was found in the

Madurai sample and the highest, in the Lucknow sample

at 0.5218 mg/kg. Organochlorine pesticides may find their

way into the human system through food and water.

Pesticides are known to enter plant products due to con-

tamination via spillage, volatilization of residues from

pesticide-treated soils, or during storage. Table 2 shows

the levels of DDT and its metabolites, and the level of a-

endosulphan in ginger collected from different cities.

Presence of op’DDT was only found in the Delhi sample

(0.0027 mg/kg), and pp’ DDT was found only in the

Ottapalam sample. pp’ DDE, a persistent metabolite of

DDT ranged from 0.0027 mg/kg (Ottapalam) to 0.0354

mg/kg (Pune) and it was found to be below detection

limit in Lucknow sample. a-endosulphan was not detected

in the southern region whereas all other regions showed

presence of low concentrations ranging from 0.0003 mg/

kg to 0.00011 mg/kg.

Organochlorine pesticide residues have also been re-

ported in human diet (Kannan et al., 1992; Dogheim,

2004), herbal preparations, spices (Srivastava et al., 2001)

and in herbal teas (Naithani and Kakkar, 2004). The data

clearly shows that the ginger collected from different

ecological zones have low levels of heavy metal contam-

ination and organochlorine pesticide residues. The southern

region showed the lowest level of metal and pesticide

contamination whereas central regions showed the highest

level of contamination. Although, the pesticides like HCH

and DDT are well known toxic chemicals, their residues

were found at very low concentrations in all the samples of

Zingiber officinale analyzed. This level may go even lower

after processing for ayurvedic preparations as drugs or

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

Pune

Otta
pala

m

Mad
ura

i

Delh
i

Luck
now

Pat
na

Kolka
ta

Muss
oorie

Ja
m

m
u

Place of Collection

C
o

n
ce

n
tr

at
io

n
 (

m
g

/k
g

) As Hg

Fig. 2 Volatile metal (As, Hg) accumulation in Zingiber officinale
collected from different ecological zones of India

Table 1 Concentrations (mg/kg) of total HCH and HCH isoformsin

Zingiber officinale collected from different regions

Place of collection a-HCH c -HCH bHCH d-HCH Total HCH

Pune 0.0789 0.2758 0.0040 BDL 0.3587

Ottapalam 0.0585 0.2034 0.0054 0.0015 0.2688

Madurai 0.0241 0.0740 BDL 0.0024 0.1005

Delhi 0.1196 0.3783 BDL BDL 0.4979

Lucknow 0.1308 0.3910 BDL BDL 0.5218

Patna 0.1162 0.3448 BDL BDL 0.4610

Kolkata 0.1022 0.3392 BDL BDL 0.4414

Mussoorie 0.2193 BDL BDL 0.0003 0.2196

Jammu 0.0923 0.3040 BDL BDL 0.3963

BDL, below detection limit

Table 2 Concentration (mg/kg) of a-endosulphan, DDT and its

metabolites in Zingiber officinale collected from different regions

Place of

collection

aEndosulphan op’DDT pp’DDT pp’DDD pp’DDE

Pune 0.0003 BDL BDL BDL 0.0354

Ottapalam BDL BDL 0.0214 BDL 0.0027

Madurai BDL BDL BDL BDL 0.0134

Delhi BDL 0.0027 BDL BDL 0.0272

Lucknow 0.0004 BDL BDL BDL BDL

Patna 0.0011 BDL BDL BDL 0.0098

Kolkata BDL BDL BDL BDL 0.0159

Mussoorie 0.0003 BDL BDL BDL 0.0154

Jammu 0.0005 BDL BDL BDL 0.0078

BDL, below detection limit
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tonics. Mandatory estimations of pre-processing contami-

nant levels in each raw drug may help pharmaceutical

companies to maintainproduct quality. The present study

indicates that the Zingiber officinale sample from the

southern region of India showed the least contamination.

Generation of such data with large sample sizes may help

in selection of regions for the procurement of raw drugs.
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